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Shengijie Li,' Yanting Gao," Mingxi Shao," Binghua Tang," Wenjun Cao,"?

Xinghuai Sun?®*°

ABSTRACT

Objective To evaluate the association between
coagulation function and patients with primary angle
closure glaucoma (PACG).

Design A retrospective, hospital-based, case—control
study.

Setting Shanghai, China.

Participants A total of 1778 subjects were recruited from
the Eye & ENT Hospital of Fudan University from January
2010 to December 2015, including patients with PACG
(male=296; female=569) and control subjects (male=290;
female=623).

Outcome measures Sociodemographic data and
clinical data were collected. The one-way analysis

of variance test was used to compare the levels of
laboratory parameters among the mild, moderate and
severe PACG groups. Multivariate logistic regression
analyses were performed to identify the independent risk
factors for PACG. The nomogram was constructed based
on the logistic regression model using the R project for
statistical computing (R V.3.3.2).

Results The activated partial thromboplastin time
(APTT) of the PACG group was approximately 4%
shorter (p<0.001) than that of the control group. The
prothrombin time (PT) was approximately 2.40%
shorter (p<0.001) in patients with PACG compared

with the control group. The thrombin time was also
approximately 2.14% shorter (p<0.001) in patients with
PACG compared with the control group. The level of
D-dimer was significantly higher (p=0.042) in patients
with PACG. Moreover, the mean platelet volume (MPV)
of the PACG group was significantly higher (p=0.013)
than that of the control group. A similar trend was
observed when coagulation parameters were compared
between the PACG and control groups with respect to
gender and/or age. Multiple logistic regression analyses
revealed that APTT (OR=1.032, 95% Cl 1.000 to 1.026),
PT (OR=1.249, 95% CI 1.071 to 1.457) and MPV
(OR=1.185, 95% Cl 1.081 to 1.299) were independently
associated with PACG.

Conclusion Patients with PACG had a shorter
coagulation time. Our results suggest that coagulation
function is significantly associated with patients with
PACG and may play an important role in the onset and
development of PACG.
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Strengths and limitations of this study

» This is the first study focusing on the evaluation of
the coagulation function in primary angle closure
glaucoma (PACG) and its relationship with disease
severity.

» The large number of studied subjects.

» The detailed demographic and clinical data of
studied subjects.

» The nature of this study was a single eye centre,
retrospective case—control study.

» Statistical power analysis for specificity ability was
limited.

» Less than 2% of patients with PACG revealed
abnormal values for activated partial thromboplastin
time, prothrombin time, thrombin time and mean
platelet volume that strictly limit the clinical use of
such findings.

INTRODUCTION

Glaucoma, the second leading cause of blind-
ness worldwide, is a group of heterogeneous
optic neuropathies characterised by progres-
sive retinal ganglion cell death and visual
field loss.' Based on a population-based study,
there will be 59.51 million people with glau-
coma by 2020 in Asia alone, with that number
expected to increase to 80.87 million patients
by 2040. As primary angle closure glaucoma
(PACG) appears to cause blindness more
frequently than primary open angle glau-
coma (POAG),?? it has become an important
public visual health issue.* Although elevated
intraocular pressure is regarded as a major
risk factor for glaucoma, the exact patho-
genic mechanism of glaucoma is still not
clearly understood. A number of studies
have investigated the various risk factors that
might cause glaucomatous damage, one of
which includes the hypercoagulable state of
ocular blood flow.””
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Some have found a hypercoagulable state and elevated
blood viscosity in patients with POAG or normal tension
glaucoma (NTG).*''For example, O'Brien et al'
reported that patients with glaucoma had elevated levels
of prothrombin fragments 1+2and D-dimer compared
with both NTG and controls, which could contribute to
impaired blood circulation to the optic nerve and thus
lead to glaucomatous damage. A hypercoagulable state
and elevated blood viscosity can also reduce blood flow
in eyes leading to ischaemia and dysregulation of oxygen
delivery, which might be associated with the progression
of visual field loss in glaucoma."*™ Li et al'® performed
a meta-analysis and showed significantly elevated endo-
thelin-1 plasma concentrations in glaucoma which
suggested that vascular dysfunction may be involved
in the pathogenesis of glaucoma. Vascular dysfunction
further exacerbates the hypercoagulable state and reduc-
tion of blood flow in eyes with glaucoma. Moreover, our
previous study reported that the mean platelet distribu-
tion width (PDW) and mean platelet volume (MPV) were
increased in patients with neovascular glaucoma.'” There
are, however, only a few published studies focusing on the
relationship between coagulation function and patients
with PACG.

Therefore, this study was designed to analyse the
indices of coagulation function in patients with PACG,
and subsequently explore whether the alteration of the
blood stream state may be involved in the pathophysio-
logical mechanism of PACG.

MATERIALS AND METHODS

Subjects

This was a retrospective case—control study. Patients with
PACG were recruited from the department of ophthal-
mology inpatient service at the Eye & ENT Hospital of
Fudan University between January 2010 and December
2015. Up to 913 age-matched and sex-matched normal
controls were consecutively recruited from subjects
who participated in yearly health screenings during
the study period. The study was approved by the
Ethics Committee of the Eye & ENT Hospital of Fudan
University (EENT2015011), Shanghai, China, and was
conducted according to the Declaration of Helsinki.
Written informed consent for the use of any clinical data
in research was obtained for all patients at the time of
admission to the Eye & ENT Hospital of Fudan University.
The study cohort flow diagram is shown in online supple-
mentary figure 1. This database has been used previously
to study patients with glaucoma.'®

Inclusion criteria

Our previous study has described the inclusion criteria
of PACG subjects."® Both newly diagnosed and referred
patients with PACG were included in this study. Subjects
receiving glaucoma medications and blood pressure
medications were also included, except for patients who
were taking medications (heparin, warfarin, and so on)

which influenced their coagulation function. Control
subjects had no ocular diseases, blood system diseases,
active infection or major systemic diseases (acute inflam-
mation, hyperuricaemia, cardiac, autoimmune disease
and cancer) that could possibly affect their coagulation
function. Moreover, those on treatment with agents
affecting laboratory parameters, including patients with
haematological disorders and chemotherapy treatment,
were also excluded. Control subjects were also excluded
if there was any family history of glaucoma.

Given the potentially higher risk of PACG blindness
in women,'*! the PACG subjects were categorised into
female and male subgroups to shed light on the role of
the coagulation function in PACG development between
genders. Several studies have reported that the preva-
lence of PACG increases with advancing age, especially
in China.”® * Therefore, a subgroup analysis by gender
across different age groups (subgroups: 0-59 years and
60+ years) was performed to shed light on the possible
role of the coagulation function in PACG development
with increasing age. In male and female subgroups, the
patients with PACG were divided into three groups with
different disease severities based on visual fields mean
deviation (MD), that is, mild (MD<6.00dB), moderate
(12dB=MD>6dB) and severe (MD>12dB).!8 2%

Laboratory parameters

Platelet parameters including MPV, PDW, PCT (platelet-
crit) and PLT (platelet count) were measured with the
Mindray BC-5500 (Shenzhen, China) automatic blood
counting system. The blood samples for platelet param-
eters were collected in ethylenediaminetetraacetic acid
tubes. Coagulation parameters including activated partial
thromboplastin time (APTT), prothrombin time (PT),
thrombin time (TT) and D-dimer were measured with
STAGO STA-R Evolution. The blood samples for coagu-
lation parameters were collected in sodium citrate antico-
agulation tubes.

Data analysis

The datawere analysed using SPSSV.13.0 (SPSS). Normality
of the data was assessed with the Kolmogorov-Smirnoff test.
The independent student’s t-test and y” test were used for
comparison of patient characteristics between the PACG
and control groups. The one-way analysis of variance test
was used to compare the levels of laboratory parameters
among the mild, moderate and severe PACG groups.
Multivariate logistic regression analyses were performed to
identify the independent risk factors for PACG. ORs with
95% CIs were estimated using multivariate logistic regres-
sion analyses. The nomogram was constructed based on
the logistic regression model using the R project for statis-
tical computing (R V.3.3.2). A p value of less than 0.05 was
considered statistically significant.

RESULTS

Characteristics of the study patients

A total of 865 patients with PACG (male=296, female=569)
and 913 control subjects (male=290, female=623) were
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Table 1 Demographics of the study participants by patients with PACG and controls

Factors PACG group (n=865) Control group (n=913) t Value p Value
Age 63.12+10.60 62.71+9.79 0.838 0.402
Male/female 296/569 290/623 1.213 0.271
BMI (kg/m?) 22.80+3.47 22.71+4.27 0.378 0.705
Diabetes mellitus 72 66 0.744 0.389
Hypertension 259 312 3.647 0.056
IOP (mm Hg) 31.27+12.27 - - -
VCDR 0.57+0.24 - - -

MD (dB) 13.91+9.18 - - -

MS (dB) 13.58+8.14 - - -

Data are expressed as mean+SD. x2 test and independent sample t-test were used.
BMI, body mass index; IOP, intraocular pressure; MD, visual fields mean deviation; MS, visual fields mean sensitivity; PACG, primary angle

closure glaucoma; VCDR, vertical cup-disc ratio.

enrolled in this study. Only one eye was selected randomly
if both eyes suffered from PACG. A total of 865 eyes were
selected from the patients with PACG. The PACG and
control groups were closely matched in terms of mean
age and sex (p=0.402 and p=0.271, respectively). The
demographic and clinical characteristics are shown in
table 1.

Comparison of laboratory findings in PACG and control group

The APTT of the PACG group was approximately
4% shorter (p<0.001) than that of the control group
(29.83+5.08s (PACG group) vs 31.19+5.10s (control
group)). The PT was approximately 2.40% shorter
(p<0.001) in patients with PACG compared with the
control group (11.68+1.11s (PACG group) vs 11.95+1.26s
(control group)). The TT was also approximately 2.14%
shorter (p<0.001) in patients with PACG compared
with the control group (17.73+1.56s (PACG group) vs
18.11+1.21s (control group)). The level of D-dimer was
significantly higher (p=0.042) in patients with PACG
(0.41+0.61) than in the control group (0.36+0.36).
Moreover, the MPV of the PACG group (10.42+1.42) was

significantly higher (p=0.013) than that of the control
group (10.24x1.70). Detailed information is shown in
table 2.

According to their normal range, patients with PACG
and control subjects were divided into abnormal low
group, normal range group and abnormal high group,
respectively. Detailed information is shown in online
supplementary table 1. Moreover, the comparison of age,
sex, hypertension, diabetes mellitus and body mass index
was conducted between the subjects with abnormal test
values in the two studied populations. Detailed informa-
tion is shown in online supplementary table 1.

Comparison of APTT, PT, TT, D-dimer and MPV in PACG and
control groups by age and gender

According to their age and gender, 865 patients with
PACG were divided into male (20-59 years; 60+ years)
and female (20-59 years; 60+ years) subgroups. Between
the female subgroups aged 20-59 years and 60+ years, the
levels of APTT, PT, TT, D-dimer and MPV were signifi-
cantly different between the PACG and control groups.
Between the male subgroups aged 20-59 years and 60+

Table 2 Laboratory findings of APTT, PT, TT, D-D and MPV in the PACG and control groups

Factors PACG group Control group t Value p Value
APTT (s) 29.83+5.08 31.19+5.10 5.616 <0.001
FIB (g/L) 2.85+0.66 2.82+0.68 1.071 0.284
PT (s) 11.68+1.11 11.95+1.26 4.790 <0.001
TT (s) 17.73+1.56 18.11+1.21 5.747 <0.001
D-D (mg/L) 0.41+0.61 0.36+0.36 2.036 0.042
MPV (fl) 10.42+1.42 10.24+1.70 2.475 0.013
PDW (fl) 15.21+£2.46 15.07+2.89 1.044 0.297
PLT (1 09/L) 197.49+56.61 202.69+57.55 1.918 0.055
PCT (%) 0.28+1.05 0.25+1.42 0.429 0.668

Data are expressed as mean+SD. Independent sample t-test was used.

APTT, activated partial thromboplastin time; D-D, D-dimer; FIB, fibrinogen; MPV, mean platelet volume; PACG, primary angle closure
glaucoma; PCT, plateletcrit; PDW, platelet distribution width; PLT, platelet count; PT, prothrombin time; TT, thrombin time.

Li S, et al. BMJ Open 2017;7:016719. doi:10.1136/bmjopen-2017-016719

yBLAdod Aq pa1oaloid 1sanb Aq 2zZ0oz ‘G YaJelAl uo jwodfwg uadolwagy/:dny wouy pspeojumod *LT0Z J8QWSAON + U0 6T/29T0-2T0Z-uadolwa/oeTT 0T Se paysignd 1siy :uado CINg


https://dx.doi.org/10.1136/bmjopen-2017-016719
https://dx.doi.org/10.1136/bmjopen-2017-016719
http://bmjopen.bmj.com/

Open Access 8

years, the levels of APTT, PT and TT were significantly
different between the PACG and control groups. Detailed
information is shown in table 3.

Comparison of laboratory findings among mild, moderate and
severe PACG

Based on the MD, the PACG subjects were categorised into
three subgroups of different disease severity levels, where
257 subjects were classified as mild, 231 as moderate and
377 as severe. There was a statistical difference in the
mean age (p<0.001) among the three groups. No signif-
icant differences in any other laboratory findings were
observed among the three subgroups (table 4).

Multiple logistic regression analyses of associations between
APTT, PT and MPV with patients with PACG and in control
individuals

Stepwise multiple logistic regression analyses revealed
that a shorter APTT (OR=1.032, 95% CI 1.000 to 1.026,
adjusted for age, sex, PLT, PDW, PCT, hypertension,
diabetes mellitus) was independently associated with
patients with PACG (table 5). A shorter PT (OR=1.249,
95% CI 1.071 to 1.457, adjusted for age, sex, PLT, PDW,
PLC, hypertension, diabetes mellitus) was independently
associated with patients with PACG (table 5). A higher
level of MPV (OR=1.185, 95% CI 1.081 to 1.299, adjusted

Table 3 Comparison of APTT, PT, TT, D-D and MPV in the PACG and control groups by age and gender

Subgroup PACG group Control group t Value p Value

Male
APTT (s) 30.77+4.80 32.36+5.28 3.699 <0.001
20-59years 30.96+4.88 (n=108) 33.29+5.03 (n=105) 3.250 0.001
60+ years 30.65+4.76 (n=188) 31.88+5.36 (n=185) 2.284 0.023
PT (s) 11.82+1.24 12.12+1.34 2.669 0.008
20-59years 11.75+1.36 12.25+0.98 2.878 0.004
60+ years 11.86+1.17 12.05+1.49 1.294 0.197
TT (s) 17.74+1.58 18.14+1.27 3.294 0.001
20-59years 17.78+1.55 17.95+1.11 0.871 0.385
60+ years 17.71+£1.61 18.24+1.34 3.296 0.001
D-D (mg/L) 0.28+0.18 0.33+0.44 1.043 0.298
20-59years 0.21+0.11 0.25+0.17 1.279 0.203
60+ years 0.32+0.21 0.37+0.52 0.669 0.504
MPV (fl) 10.24£1.42 10.30+2.44 0.326 0.744
20-59years 10.32+1.73 10.08+1.23 1.060 0.290
60+ years 10.20£1.21 10.41+£2.87 0.910 0.363

Female
APTT (s) 29.34+5.15 30.74+4.97 4.851 <0.001
20-59years 29.93+5.02 (n=196) 31.58+5.16 (n=208) 3.302 0.001
60+ years 29.03+5.20 (n=373) 30.31+4.81 (n=415) 3.618 <0.001
PT (s) 11.60+1.02 11.88+1.22 4.340 <0.001
20-59years 11.53+0.97 12.12+1.36 5.015 <0.001
60+ years 11.64+1.05 11.76+1.12 1.581 0.114
TT (s) 17.72+1.56 18.10+1.18 4.718 <0.001
20-59years 17.61+1.41 17.89+1.24 2.179 0.030
60+ years 17.78+1.62 18.21£1.13 4.258 <0.001
D-D (mg/L) 0.48+0.73 0.37+0.33 2.272 0.024
20-59years 0.27+0.15 0.28+0.16 0.504 0.615
60+ years 0.57+0.86 0.41+0.38 3.131 0.002
MPV (fl) 10.52+1.41 10.21+£1.33 3.852 <0.001
20-59years 10.51+1.31 10.29+1.33 1.742 0.082
60+ years 10.52+1.47 10.18+1.33 3.473 0.001

Data are expressed as mean+SD. Independent sample t-test was used.

APTT, activated partial thromboplastin time; D-D, D-dimer; MPV, mean platelet volume; PACG, primary angle closure glaucoma; PT,

prothrombin time; TT, thrombin time.
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Table 4 Comparison of laboratory findings among mild, moderate and severe PACG

Factors Mild PACG (n=257) Moderate PACG (n=231)  Severe PACG (n=377) F value p Value
Age 61.49+9.71 65.42+10.24 62.88+10.95 7.127 0.001*t
MD 3.78+1.43 9.41+1.56 22.51+5.23 1893.726 <0.001*T%
APTT (s) 29.78+4.96 29.64+4.73 30.08+5.38 0.513 0.599
PT (s) 11.62+1.05 11.56+0.10 11.72+£1.13 1.446 0.236

TT (s) 17.79+1.54 17.65+1.49 17.79+1.61 0.499 0.607
D-D (mg/L) 0.43+0.96 0.44+0.42 0.36+0.33 0.477 0.621
MPV (fl) 10.36+1.35 10.35+1.51 10.46+1.40 0.398 0.672

Data are expressed as mean+SD. One-way ANOVA was used.

*p<0.05 for the difference between the mild PACG group and moderate PACG group (one-way ANOVA with the LSD post hoc test).
1p<0.05 for the difference between the mild PACG group and severe PACG group (one-way ANOVA with the LSD post hoc test).

Fp<0.05 for the difference between the moderate PACG group and severe PACG group (one-way ANOVA with the LSD post hoc test).
ANOVA, analysis of variance; APTT, activated partial thromboplastin time; D-D, D-dimer; LSD, least significant difference; MD, visual fields
mean deviation; MPV, mean platelet volume; PACG, primary angle closure glaucoma; PT, prothrombin time; TT, thrombin time.

for age, sex, PLT, PDW, PLC, hypertension, diabetes
mellitus) was independently associated with patients with
PACG (table 5).

Nomogram development

In the logistic analyses, the risk factors that predicted
PACG were as follows: sex (male=0, female=1), decreased
APTT, decreased PT and increased MPV. Multivariate
logistic analyses demonstrated that the APTT, PT and
MPV were independent risk factors for PACG (table 5).
A nomogram to predict risk factors for PACG was devel-
oped (see online supplementary figure 2). As APTT, PT
and MPV were independent risk factors for PACG, these
variables were included in the nomogram.

DISCUSSION

The APTT and the PT reflect the function of endogenous
and exogenous pathways of coagulation cascade, respec-
tively,”® and the TT reflects the content and structure of
plasma fibrinogen to some degree.?” In our study, it was
found that the APTT, PT and TT were significantly shorter
(all p<0.001) in patients with PACG when compared with
the control group, which could result in a hypercoagu-
lable state in patients with PACG. Meanwhile, D-dimer is a
specific degradation product thatis produced in hydrolysis

Table 5 Multiple logistic regression analyses of
associations between APTT, PT and MPV with patients with
PACG and in control individuals

Factors OR p Value 95% Cl

APTT (s) 1.032 0.049* 1.000 to 1.026
PT (s) 1.249 0.005* 1.071 to 1.457
MPV (fl) 1.185 <0.001* 1.081 to 1.299

*Adjusted for age, sex, platelet count, platelet distribution width,
plateletcrit, mean platelet volume, hypertension, diabetes mellitus.
APTT, activated partial thromboplastin time; MPV, mean platelet
volume; PACG, primary angle closure glaucoma; PT, prothrombin
time.

of fibrin, which is able to reveal early thrombotic disease
and reflect generation of thrombin and plasmin.‘28 More-
over, D-dimer is a fibrin degradation product and a very
useful biomarker of fibrinolysis and hypercoagulability.”®
Our results also showed that the level of D-dimer was
significantly higher (p=0.042) in patients with PACG
than those in the control group, which could be caused
by a hypercoagulable state. These abnormal indices of
coagulation function strongly indicate that there may
be a hypercoagulable state in patients with PACG. At the
same time, our results also discovered that the MPV of
the PACG group was significantly higher (p=0.013) than
that of the control group. Large platelets can result in an
increased propensity to aggregate compared with small
platelets, due to the increased production of throm-
boxane A2 and the increased expression of glycoprotein
Ib and glycoprotein IIb/IIla receptors on their surfaces.?
This also supports the hypothesis that hypercoagulability
increases in patients with PACG.

While various risk factors can cause a hypercoagu-
lable state, the pathomechanism of hypercoagulability
is based on an impaired blood vessel wall, a change in
bloodstream state or an alteration of blood constituents.
Based on the results of our study, we speculate that there
may be a change in the vessel wall, blood flow and/or
blood constituents in patients with PACG, which caused
this state of hypercoagulability. Sacca et al found that
there might be damage of the anterior chamber endo-
thelium in patients with glaucoma.” Some studies have
emphasised vascular dysregulation and endothelial
dysfunction as contributing factors in patients with glau-
coma.”™ Several studies have claimed that a reduction
in ocular blood flow may occur in patients with glaucoma
as well ! 133435 Meanwhile, Matsumoto el al reported a
positive relationship between platelet hyperaggregation
with NTG and/or POAG.* Kilic-Toprak et al showed
that erythrocyte aggregation appears to be higher in
patients with POAG.” All these are evidence that suggest
there might be a pathological basis of hypercoagulability
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in glaucoma, and provide powerful support for our
hypothesis.

In 1973, Drance et al reported that patients with NTG
had a ‘greater tendency to thrombosis’ and proposed
the viewpoint of a ‘hypercoagulable state’.” Once a
hypercoagulable state occurs in patients with glaucoma,
regardless of whether it is primary or secondary to a
vascular dysregulation, it can exacerbate the reduction
of ocular blood flow. This could result in ocular tissue
ischaemia and hypoxia causing reduced nutritional
support, a local inflammatory reaction and/or an accu-
mulation of reactive oxygen species. In turn, this could
lead to damage of the optic nerve and visual field.”® * An
increasing number of studies have proved that reduced
ocular blood flow is associated with the progression of
visual field loss in glaucoma.' *** Nevertheless, some
studies refute this viewpoint, finding no abnormalities
in platelet function, the coagulation cascade or the
fibrinolysis system.***® In our study, we found an abnor-
mality in the coagulation, fibrinolysis and platelet func-
tions in our PACG subjects, supporting the view that
patients with PACG have a greater tendency of hyperco-
agulability. However, diagnosis of hypercoagulability in
clinical laboratory studies requires more specific indica-
tors other than APTT, PT, TT and D-dimer. Therefore,
further studies are necessary to confirm this hypothesis
for a better understanding of the pathophysiological
mechanism of glaucoma.

When analysing parameters of coagulation among
subgroups by gender and age, a similar trend was observed
between the PACG and control groups. In particular,
abnormalities of the coagulation function indicators in
women and the older female subgroup were more distinct
than in any other subgroup. A population-based study
reported that old age and female sex were risk factors for
PACG.” Therefore, we can speculate that abnormalities of
the coagulation function may be an important factor in
the development of glaucoma. Analysis of the parameters
of coagulation function among the mild, moderate and
severe PACG subgroups showed no significant differences
between different stages of the disease. This suggests that
abnormalities of the coagulation function might have
occurred in the early stages of PACG and do not change
over the course of the disease. Therefore, this suggests
that the coagulation state may serve as a potential indi-
cator for the early detection of glaucoma.

Nomograms have been widely used for predicting the
prognosis of patients with malignant cancer and quanti-
fying the risk factors of various diseases."” *® The effects
of several separate variables are integrated by a nomo-
gram to give an individualised risk assessment for each
patient. The benefits of this methodology compared
with standard systems are clear from studies in clinical
settings.” In this study, the patients with a shorter APTT,
shorter PT and elevated MPV were high risk for PACG,
as shown in online supplementary figure 2. For example,
a patient with APTT=30 (34 points), PT=14 (28 points)
and MPV=20 (35 points) would score 97 total points that

converts to a probability risk of PACG of 63% compared
with an age and sex-matched healthy control subject.

To the best of our knowledge, this is the first paper that
focused on the relationship between coagulation function
and PACG. Multiple logistic regression analyses also revealed
that APTT, PT and MPV were independently associated with
PACG. These results all suggest that abnormalities in the
coagulation function, which might result in a hypercoagu-
lable state, are significantly associated with the development
of PACG. According to online supplementary tables 1 and
2, less than 2% of patients with PACG revealed abnormal
values for APTT, PT, TT and MPV that may strictly limit
the clinical use of such findings. Therefore, coagulation
function may not be the primary cause of PACG but may
be a secondary factor that could increase the risk of PACG,
because coagulation function parameter values of most
patients with PACG were still within the reference range. But
this might provide a vital new field for researcher to study
the pathophysiological mechanism of PACG. Considering
that vascular dysregulation is commonly recognised as a risk
factor of glaucoma, it is worth exploring the possible mech-
anism of vascular dysregulation in glaucoma. Moreover, a
hypercoagulable state, either secondary to vascular dysreg-
ulation or resulting in vascular dysregulation, can be well
monitored in a clinical laboratory. However, our study had
some limitations. First, owing to the nature of this study was
a retrospective case—control study, information on ocular
parameters in control subjects was lacking. Second, the data
were collected at a single eye centre, which may limit the
generalisability of the results. Lastly, those on treatment with
agents affecting coagulation parameters were excluded, but
we did not consider treatment with brinzolamide eye drops,
carbonic anhydrase inhibitor, mannitol and blood pressure
medications and how this may affect the results and vascular

physiology.

Author affiliations

'Department of Clinical Laboratory, Eye & ENT Hospital, Shanghai Medical College,
Fudan University, Shanghai, China

%Department of Ophthalmology & Visual Science, Eye & ENT Hospital, Shanghai
Medical College, Fudan University, Shanghai, China

SState Key Laboratory of Medical Neurobiology, Institutes of Brain Science and
Collaborative Innovation Center for Brain Science, Fudan University, Shanghai, China
4Key Laboratory of Myopia, Ministry of Health, Fudan University, Shanghai, China
SShanghai Key Laboratory of Visual Impairment and Restoration, Eye & ENT
Hospital, Fudan University, Shanghai, China

Contributors SL and YG collection and analysis of data, drafting the manuscript
and final approval of the version to be published. MS and BT interpretation of data
and final approval of the version to be published. XS and WC conception and design
of the study and final approval of the version to be published.

Funding This research project was supported by Shanghai Municipal Health
and Family Planning Commission (20174Y0169), the State Key Program of
National Natural Science Foundation of China (81430007), the National Health
and Family Planning Commission, China (201302015), and the New Technology
Research Project, Shanghai Municipal Commission of Health and Family Planning
(2013SY058).

Competing interests None declared.
Patient consent Obtained.

Ethics approval The Ethics Committee of the Eye & ENT Hospital (EENT2015011),
Shanghai Medical College, approved this study.

6

Li S, et al. BMJ Open 2017;7:€016719. doi:10.1136/bmjopen-2017-016719

“ybuAdoo Aq paroaroid 1sanb Aq 2z0oz ‘S yarelN uo jwod fwg uadolway/:dny wouy papeojumoq “/T0Z J9qWIBAON 7 U0 6T/9T0-/T0Z-uadolwag/oeTT 0T Se paysiignd 1say :uado NG


https://dx.doi.org/10.1136/bmjopen-2017-016719
https://dx.doi.org/10.1136/bmjopen-2017-016719
https://dx.doi.org/10.1136/bmjopen-2017-016719
http://bmjopen.bmj.com/

8 Open Access

22.

Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited and the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the
article) 2017. All rights reserved. No commercial use is permitted unless otherwise
expressly granted.

REFERENCES

1. Weinreb RN, Aung T, Medeiros FA. The pathophysiology and
treatment of glaucoma: a review. JAMA 2014;311:1901-11.

2. Tham YC, Li X, Wong TY, et al. Global prevalence of glaucoma and
projections of glaucoma burden through 2040: a systematic review
and meta-analysis. Ophthalmology 2014;121:2081-90.

3. Cho HK, Kee C. Population-based glaucoma prevalence studies in
Asians. Surv Ophthalmol 2014;59:434-47.

4. Cheng JW, Zong Y, Zeng YY, et al. The prevalence of primary angle
closure glaucoma in adult Asians: a systematic review and meta-
analysis. PLoS One 2014;9:e103222.

5. Flammer J, Orgll S, Costa VP, et al. The impact of ocular blood flow
in glaucoma. Prog Retin Eye Res 2002;21:359-93.

6. Quigiely HA, Glaucoma S. Lancet Lond Engl 2011;377:1367-77.

7. Konstas AG, Kozobolis VP, Tsironi S, et al. Comparison of the
24-hour intraocular pressure-lowering effects of latanoprost and
dorzolamide/timolol fixed combination after 2 and 6 months of
treatment. Ophthalmology 2008;115:99-103.

8. Drance SM, Sweeney VP, Morgan RW, et al. Studies of factors
involved in the production of low tension glaucoma. Arch Ophthalmol
1973;89:457-65.

9. Klaver JH, Greve EL, Goslinga H, et al. Blood and plasma viscosity
measurements in patients with glaucoma. Br J Ophthalmol
1985;69:765-70.

10. Trope GE, Salinas RG, Glynn M. Blood viscosity in primary open-
angle glaucoma. Can J Ophthalmol 1987;22:202-4.

11. O'Brien C, Butt Z, Ludlam C, et al. Activation of the coagulation
cascade in untreated primary open-angle glaucoma. Ophthalmology
1997;104:725-30. 730.

12. Hesse RJ. The relationship between progression of visual field
defects and retrobulbar circulation in patients with glaucoma. Am J
Ophthalmol 1998;125:566-7.

13. Siesky B, Harris A, Kagemann L, et al. Ocular blood flow and oxygen
delivery to the retina in primary open-angle glaucoma patients: the
addition of dorzolamide to timolol monotherapy. Acta Ophthalmol
2010;88:142-9.

14. Flammer J, Mozaffarieh M. What is the present pathogenetic concept
of glaucomatous optic neuropathy? Surv Ophthalmol 2007;52(Suppl
2):5162-S173.

15. Siesky B, Harris A, Cantor LB, et al. A comparative study of the
effects of brinzolamide and dorzolamide on retinal oxygen saturation
and ocular microcirculation in patients with primary open-angle
glaucoma. Br J Ophthalmol 2008;92:500-4.

16. Li S, Zhang A, Cao W, et al. Elevated Plasma Endothelin-1 Levels in
Normal Tension Glaucoma and Primary Open-Angle Glaucoma: A
Meta-Analysis. J Ophthalmol 2016;2016:1-6.

17. Li S, Cao W, Sun X. Role of Platelet Parameters on Neovascular
Glaucoma: A Retrospective Case-Control Study in China. PLoS One
2016;11:e0166893.

18. Li S, Shao M, Tang B, et al. The association between serum uric
acid and glaucoma severity in primary angle closure glaucoma: a
retrospective case-control study. Oncotarget 2017;8:2816-2824.

19. Casson RJ, Baker M, Edussuriya K, et al. Prevalence and
determinants of angle closure in central Sri Lanka: the Kandy Eye
Study. Ophthalmology 2009;116:1444-9.

20. Lavanya R, Wong TY, Friedman DS, et al. Determinants of angle
closure in older Singaporeans. Arch Ophthalmol 2008;126:686-91.

21. Mitchell P, Smith W, Attebo K, et al. Prevalence of open-
angle glaucoma in Australia. The Blue Mountains Eye Study.
Ophthalmology 1996;103:1661-9.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

Quigley HA, Broman AT. The number of people with glaucoma
worldwide in 2010 and 2020. Br J Ophthalmol 2006;90:262-7.
Foster PJ, Oen FT, Machin D, et al. The prevalence of glaucoma in
Chinese residents of Singapore: a cross-sectional population survey
of the Tanjong Pagar district. Arch Ophthalmol 2000;118:1105-11.
Atalay E, Nongpiur ME, Yap SC, et al. Pattern of Visual Field Loss in
Primary Angle-Closure Glaucoma Across Different Severity Levels.
Ophthalmology 2016;123:1957-64.

Pillunat KR, Hermann C, Spoerl E, et al. Analyzing biomechanical
parameters of the cornea with glaucoma severity in open-angle
glaucoma. Graefes Arch Clin Exp Ophthalmol 2016;254:1345-51.
Sultan P, Butwick A. Platelet counts and coagulation tests prior to
neuraxial anesthesia in patients with preeclampsia: a retrospective
analysis. Clin Appl Thromb Hemost 2013;19:529-34.

Hayward CP, Moffat KA, Liu Y. Laboratory investigations for bleeding
disorders. Semin Thromb Hemost 2012;38:742-52.

Nwose EU, Richards RS, Jelinek HF, et al. D-dimer identifies stages
in the progression of diabetes mellitus from family history of diabetes
to cardiovascular complications. Pathology 2007;39:252-7.

Sahin M, Sahin A, Elbey B, et al. Mean Platelet Volume in Patients
with Nonarteritic Anterior Ischemic Optic Neuropathy. J Ophthalmol
2016;2016:1-5.

Sacca SC, Centofanti M, Izzotti A. New proteins as vascular
biomarkers in primary open angle glaucomatous aqueous humor.
Invest Ophthalmol Vis Sci 2012;53:4242-53.

Shoshani YZ, Harris A, Shoja MM, et al. Endothelin and its suspected
role in the pathogenesis and possible treatment of glaucoma. Curr
Eye Res 2012;37:1-11.

Liu CH, Su WW, Shie SS, et al. Association Between Peripheral
Vascular Endothelial Function and Progression of Open-Angle
Glaucoma. Medicine 2016;95:e3055.

Pasquale LR. Vascular and autonomic dysregulation in primary open-
angle glaucoma. Curr Opin Ophthalmol 2016;27:94-101.
Rojanapongpun P, Drance SM, Morrison BJ. Ophthalmic artery flow
velocity in glaucomatous and normal subjects. Br J Ophthalmol
1993;77:25-9.

Costa VP, Harris A, Anderson D, et al. Ocular perfusion pressure in
glaucoma. Acta Ophthalmol 2014;92:e252-e266.

Matsumoto M, Matsuhashi H, Nakazawa M. Normal tension
glaucoma and primary open angle glaucoma associated with
increased platelet aggregation. Tohoku J Exp Med 2001;193:293-9.
Kilic-Toprak E, Toprak |, Kilic-Erkek O, et al. Increased erythrocyte
aggregation in patients with primary open angle glaucoma. Clin Exp
Optom 2016;99:544-9.

Ko ML, Peng PH, Ma MC, et al. Dynamic changes in reactive oxygen
species and antioxidant levels in retinas in experimental glaucoma.
Free Radic Biol Med 2005;39:365-73.

Tham YC, Siantar RG, Cheung CY, et al. Inter-relationships between
retinal vascular caliber, retinal nerve fiber layer thickness, and
glaucoma: A Mediation Analysis Approach. Invest Ophthalmol Vis Sci
2016;57:3803-9.

Martinez A, Sanchez M. Predictive value of colour Doppler imaging in
a prospective study of visual field progression in primary open-angle
glaucoma. Acta Ophthalmol Scand 2005;83:716-22.

Galassi F, Sodi A, Ucci F, et al. Ocular hemodynamics and glaucoma
prognosis: a color Doppler imaging study. Arch Ophthalmol
2003;121:1711-5.

Yanagi M, Kawasaki R, Wang JJ, et al. Vascular risk factors in
glaucoma: a review. Clin Exp Ophthalmol 2011;39:252-8.

Galassi F, Giambene B, Varriale R. Systemic vascular dysregulation
and retrobulbar hemodynamics in normal-tension glaucoma. Invest
Ophthalmol Vis Sci 2011;52:4467-71.

Joist JH, Lichtenfeld P, Mandell Al, et al. Platelet function, blood
coagulability, and fibrinolysis in patients with low tension glaucoma.
Arch Ophthalmol 1976;94:1893-5.

Carter CJ, Brooks DE, Doyle DL, et al. Investigations into a vascular
etiology for low-tension glaucoma. Ophthalmology 1990;97:49-55.
Goldberg |, Hollows FC, Kass MA, et al. Systemic factors in patients
with low-tension glaucoma. Br J Ophthalmol 1981;65:56-62.
lasonos A, Schrag D, Raj GV, et al. How to build and interpret a
nomogram for cancer prognosis. J Clin Oncol 2008;26:1364-70.
Yang Y, Zhang YJ, Zhu Y, et al. Prognostic nomogram for

overall survival in previously untreated patients with extranodal
NK/T-cell lymphoma, nasal-type: a multicenter study. Leukemia
2015;29:1571-7.

Chan EW, Li X, Tham YC, et al. Glaucoma in Asia: regional
prevalence variations and future projections. Br J Ophthalmol
2016;100:78-85.

Li S, et al. BMJ Open 2017;7:¢016719. doi:10.1136/bmjopen-2017-016719

“ybuAdoo Aq paroaroid 1sanb Aq 2z0oz ‘S yarelN uo jwod fwg uadolway/:dny wouy papeojumoq “/T0Z J9qWIBAON 7 U0 6T/9T0-/T0Z-uadolwag/oeTT 0T Se paysiignd 1say :uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1001/jama.2014.3192
http://dx.doi.org/10.1016/j.ophtha.2014.05.013
http://dx.doi.org/10.1016/j.survophthal.2013.09.003
http://dx.doi.org/10.1371/journal.pone.0103222
http://dx.doi.org/10.1016/S1350-9462(02)00008-3
http://dx.doi.org/10.1016/j.ophtha.2007.03.007
http://dx.doi.org/10.1001/archopht.1973.01000040459003
http://dx.doi.org/10.1136/bjo.69.10.765
http://dx.doi.org/10.1016/S0161-6420(97)30245-0
http://dx.doi.org/10.1016/S0002-9394(99)80208-6
http://dx.doi.org/10.1016/S0002-9394(99)80208-6
http://dx.doi.org/10.1111/j.1755-3768.2009.01604.x
http://dx.doi.org/10.1016/j.survophthal.2007.08.012
http://dx.doi.org/10.1136/bjo.2007.125187
http://dx.doi.org/10.1155/2016/2678017
http://dx.doi.org/10.1371/journal.pone.0166893
http://dx.doi.org/10.18632/oncotarget.13745
http://dx.doi.org/10.1016/j.ophtha.2009.03.005
http://dx.doi.org/10.1001/archopht.126.5.686
http://dx.doi.org/10.1136/bjo.2005.081224
http://dx.doi.org/10.1001/archopht.118.8.1105
http://dx.doi.org/10.1016/j.ophtha.2016.05.026
http://dx.doi.org/10.1007/s00417-016-3365-3
http://dx.doi.org/10.1177/1076029612441860
http://dx.doi.org/10.1055/s-0032-1326780
http://dx.doi.org/10.1080/00313020701230658
http://dx.doi.org/10.1155/2016/1051572
http://dx.doi.org/10.1167/iovs.11-8902
http://dx.doi.org/10.3109/02713683.2011.622849
http://dx.doi.org/10.3109/02713683.2011.622849
http://dx.doi.org/10.1097/MD.0000000000003055
http://dx.doi.org/10.1097/ICU.0000000000000245
http://dx.doi.org/10.1136/bjo.77.1.25
http://dx.doi.org/10.1111/aos.12298
http://dx.doi.org/10.1620/tjem.193.293
http://dx.doi.org/10.1111/cxo.12388
http://dx.doi.org/10.1111/cxo.12388
http://dx.doi.org/10.1016/j.freeradbiomed.2005.03.025
http://dx.doi.org/10.1167/iovs.15-18683
http://dx.doi.org/10.1111/j.1600-0420.2005.00567.x
http://dx.doi.org/10.1001/archopht.121.12.1711
http://dx.doi.org/10.1111/j.1442-9071.2010.02455.x
http://dx.doi.org/10.1167/iovs.10-6710
http://dx.doi.org/10.1167/iovs.10-6710
http://dx.doi.org/10.1001/archopht.1976.03910040603002
http://dx.doi.org/10.1016/S0161-6420(90)32627-1
http://dx.doi.org/10.1136/bjo.65.1.56
http://dx.doi.org/10.1200/JCO.2007.12.9791
http://dx.doi.org/10.1038/leu.2015.44
http://dx.doi.org/10.1136/bjophthalmol-2014-306102
http://bmjopen.bmj.com/

